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8.0 WATER RESOURCE PROTECTION

8.1 INTRODUCTION

The Project will develop, establish and maintain a Water Resource Protection (WRP) Program
for managing the protection of water resources along the Alaska segment of the Alaska Natural
Gas Transportation System (ANGTS). The primary objective of the WRP Program is to avoid
impacts to water resources through prevention measures taken during all phases of the Project
including planning and design, construction, rehabilitation, operation and maintenance, and
decommissioning.

The Project will prepare a WRP Plan that will serve as a guide to the implementation of the WRP
Program through coordination with the Technical and other Environmental Protection Programs
through all phases of the Project.

The Project pipeline route will cross 24 major rivers, dozens of other streams, and nearly half of
the pipeline route extends across various types of wetlands. The route also crosses numerous
small drainages that are ephemeral and may flow only during breakup or during heavy rains.
These watercourses drain expanses of tundra plains, mountains, forests and wetlands in northern
and interior Alaska.

The Project recognizes the sensitive nature of the water resources along the pipeline route,
including groundwater, wetlands, streams, and rivers, and continues to identify ways to avoid
and minimize potential impacts to these important resources. These measures have and will
continue to involve all aspects of the Project, including route planning and design, construction,
operation and maintenance.

8.2 CRITERIA

These criteria also constitute the preliminary WRP Principles that will be used to guide the
Project design and development of the Environmental Protection Programs.

8.2.1 General Project Criteria

8.2.1.1 Surface Water
Where feasible, the Project will be designed to:

e Reduce the number of river and stream crossings.

e Avoid the use of structures or situations that promote erosion and sedimentation,
restriction of natural meander, and alteration of stream flow.

e Reduce the potential for pipeline-induced thermal effects on surface water temperatures
in areas that could affect fish and other aquatic life.
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e Be capable of withstanding adverse conditions such as runoff, stream and floodplain
erosion, meander cutoffs, lateral migration, ice jams, and icing conditions that are
characteristic for each hydrologic region encompassed by the pipeline route.

e Project construction procedures will be managed and conducted, where feasible, to:

e Avoid unauthorized discharges of material of any kind into rivers, streams and other
water bodies.

e Prevent conditions leading to erosion, run-on and runoff, sedimentation on vegetation, or
deposition into streams and rivers or other water bodies.

e Reduce potential impacts to streambeds by scheduling construction in streams and rivers
during low-flow conditions.

e Evaluate the feasibility for utilizing alternative crossing techniques such as directional
drilling beneath the streambed.

8.2.1.2 Groundwater

e The development of the Project design will take into consideration and evaluate the
opportunities to:

¢ Reduce the potential for creating adverse groundwater conditions such as aufeis
development resulting from groundwater diversion and thermal effects.

e Reduce the potential for groundwater diversion and thermal effects on springs or
discharge to fish spawning and rearing areas in streams and rivers.

Groundwater encountered during trenching or other Project activities will be discharged in a
manner that does not impact surface water in accordance with regulatory requirements.

If groundwater that is encountered by the Project activities is found to be contaminated with
petroleum or other hazardous substances it will be handled in accordance with regulatory
requirements in consultation with the Alaska Department of Environmental Conservation (see
ENVIS09 Contaminated Sites Summary for information).

8.2.1.3 Wetlands
Where feasible, the Project will:

e Reduce the siting and placement of permanent facilities or structures in wetlands.
e Reduce the area of wetlands affected by construction.

e Utilize winter construction to take advantage of frozen soil conditions, dormant
vegetation, and low water levels.

e Reduce the potential for major alteration of drainage in wetlands.

e Avoid situations that could alter surface water temperatures in areas that could affect fish
and other aquatic life residing in wetlands.
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e Make every effort to avoid blocking natural drainage during system operation.

The report of the Wetlands Task Force of the Alaskan Executive Coordinating Committee
(February 1, 1980) divides wetlands into three categories with respect to the Department of the
Army, Corps of Engineers permits concerning the placement of fill or excavated material in
wetlands. The categories were based on vegetation and wetland mapping of the route'. The
boundary of the wetlands and their category assignments are depicted on pipeline alignment
sheets. The wetland categories are:

“A” wetlands include those to be entirely avoided by construction.
“B” wetlands include those requiring a site-specific Section 404 permit.

“C” wetlands include those requiring a general permit.
8.2.2 Statutes, Regulations and Other Applicable Authorities

e 18 AAC 70, Alaska Water Quality Standards

e 18 AAC 72, Alaska Wastewater Disposal Regulations
e Alaska Statute 16.05.840 (Fishway Act)

e Alaska Statute 16.05.870 (Anadromous Fish Act)

e 33 CFR 323, Permits For Discharges of Dredged or Fill Material into Waters of the
United States.

e 40 CFR 230 — 230, U.S. Environmental Protection Agency Section 404(b)(1) Guidelines
for Specification of Disposal Sites for Dredged or Fill Material

e 18 CFR 380.12, “FERC’s Environmental Reports for Natural Gas Act Applications,” and
FERC environmental policy guidelines thereunder;

e Federal Right-of-Way Grant for the Alaska Natural Gas Transportation System Alaska
Segment, Serial No. F-24538 (December 1, 1980), as such may be updated and/or
amended from time to time.

e Federal Energy Regulatory Commission conditional certificate of public convenience and
necessity, issued on December 16, 1977, as such is finalized.

8.2.3 Department of the Army Section 10 and 404 Permit

e Permit 071-OYD-2-830282 “Sagavanirktok River 1207, January 4, 1984 (as modified
September 9, 1987). This permit expires September 7, 2007.

e Special Conditions (28) establish restrictions on the methods, locations, and schedule of
construction to protect surface waters and wetlands.

' Markon, C.J. 1980. Terrestrial and aquatic habitat mapping along the Alaska Natural Gas Pipeline System; U.S.
Fish and Wildlife Service Special Study Report, December 1980, 67pp.
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e Permit is for “C” wetlands only. Work in “B” wetlands requires a site-specific individual
permit. (No activity allowed in “A” wetlands).

8.3 METHODOLOGIES

The methodologies for implementing the WRP Program include:

e  WRP Program Plan will be developed.
e Baseline assessment of water resources along the pipeline corridor.

e Review of water resource effects and mitigation techniques used during the construction
and operation of the Trans-Alaska Pipeline System (TAPS).

e Development and integration of WRP principles into the planning, site selection, design,
and construction of the pipeline and related facilities. This will involve close coordination
with other technical and environmental protection programs, in particular:

e Material Sites (TISOS5)

e Disposal Sites (TIS06)

e Access Roads (TIS07)

e Storage Yards (TIS08)

e  Workpad Design (TIS09)

e Bridges (TIS14)

e Stream, River and Wetland Crossings (TIS16)
e Drainage and Erosion Control (TIS11)

e C(learing (TIS10)

e Rehabilitation (TIS12)

¢ Fish and Wildlife Protection (ENVIS07)

e Waste Management (ENVIS04)

¢ Oil & Hazardous Substances Mngt. (ENVIS05)
e Contaminated Sites Management (ENVIS09)

8.3.1 Water Resource Protection (WRP) Plan

The WRP Plan will be developed to outline the structure and function of the WRP program.

The WRP Plan will provide a roadmap for integrating the Environmental Protection Programs
related to water resources with all phases of the Project including design, construction, operation
and maintenance.
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8.3.2 Baseline Assessment

Baseline assessments of streams, rivers, wetlands and drainage along the ANGTS pipeline route
were conducted in the late 1970’s and early 1980’s (see Bibliography in Section 8.5). These
included hydrology, water quality and aquatic biology measurements taken in streams and rivers
crossed by the pipeline ROW. These data provide a valid and relatively complete assessment of
the baseline conditions that existed at that time.

A review of the existing Project water resources data will be performed and an evaluation of the
need for additional baseline data will be made.

An important part of the updating the Baseline Assessment will include a review of
contemporary scientific and engineering literature, reports and other sources of data or
information that are relevant to the protection of water resources during the life of the Project. A
preliminary Bibliography is provided that consists of a compilation of lists from recent reports
and online literature searches. This Bibliography will be further updated during the development
of the WRP Program.

Another important component of the WRP Baseline Assessment is a review of climatic and river
discharge records for sites along the Project route. This will aid in the design of the mitigation
measures for reducing impacts to water resources. A preliminary set of these records selected
from representative and available data are presented in Attachment A.

8.3.3  Review of TAPS Experience

The experience of water resource management involved with the construction and operation of
the TAPS will be reviewed for potentially useful water resource protection measures and help
predict locations where potential management problems may occur. The results of this review
will be compiled into a formal review document titled “Review of Water Resource Impacts and
Mitigation Techniques Associated with TAPS Construction and Operation: Applications for
Planning and Design of the Alaska Segment of the ANGTS Project”.

8.3.4  WRP Principles

A set of WRP Principles will be developed from the environmental protection programs that
relate to water resources. The WRP Principles will be used to guide coordination with the
technical programs during the project design phase and in the development of environmental
protection measures that involve water resources.

8.3.5  WRP Methodologies

A primary role of the WRP Program will be the identification, evaluation, and development of
specific methodologies for protection of water resources. The WRP Program will coordinate
with the technical design programs in establishing the site-specific methodologies for WRP
implementation. The methodologies will be incorporated into the Project design and
implemented through the WRP Program.

Specific methodologies for WRP will be identified from a variety of sources, including:
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e Coordination with the Alaska Department of Fish and Game (ADFG) and Department of
Environmental Conservation (ADEC), as well as from published guidance from these and
other resource agencies.

e Application of Project data and information developed during the previous federal filings.
e Historical data from the TAPS construction experience.

e Contemporary research and development obtained from published reports, literature and
consultation with regional or local experts.

For example, the Alaska Department of Fish and Game has developed and published specific
guidance for the design of culverts for fish passage, streambank revegetation, stream fluming
techniques and temporary stream diversion techniques. These guidance documents will be used
to frame the development of specific WRP methodologies through coordination with ADFG
habitat biologists.

8.3.6  WRP Contingency Methodologies
In addition to the methodologies implemented for routine compliance with the WRP Criteria and

Principles, methodologies for WRP Contingency Events such as extreme precipitation, erosion,
slope failures, and others will be identified, evaluated, and developed.

8.4 FIGURES AND TABLES

(None)
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8.5 BIBLIOGRAPHY

This bibliography is presented separately for Project-specific information and other information
that is Project location-specific or general Alaska information taken from recent reports and from
literature searches. This bibliography will be updated during the development of the WRP
Program.

8.5.1 Project-Specific Information

Anonymous. 1978 (Aug). Field Validation of Fish Streams Between the Canadian Border and

Delta Junction for Northwest Alaskan Pipeline Company. Dames & Moore. Anchorage,
Alaska.?

Anonymous. 1979 (Mar). Fish Streams Crossed by the Proposed Northwest Alaskan Pipeline
Company Gas Pipeline, Delta to the Canadian Border. Interagency Fish and Wildlife Task
Force.

Anonymous. 1979 (Oct). Fish Stream Identification Forms. Alaska Department of Fish &
Game. Fairbanks, Alaska.

Anonymous. 1980 (Jan). Fish Resource Areas of the Northwest Alaskan Gas Pipeline Corridor
— Phase I: Status and Packaging Study. Alaska Department of Fish & Game. Anchorage, Alaska.

Anonymous. 1980 (Jul). Sensitive Wildlife Areas of the Northwest Alaskan Gas Pipeline
Corridor. Alaska Department of Fish & Game. Anchorage, Alaska.

Anonymous. 1980 (Mar). Sensitive Wildlife Areas of the Northwest Alaskan Gas Pipeline
Corridor. Attachments. Alaska Department of Fish & Game. Anchorage, Alaska.

Anonymous. 1981. Fish Stream Identification. DFG Pipeline Surveillance. Alaska Department
of Fish & Game. Anchorage, Alaska.

Anonymous. 1981. Preliminary List of Fish Streams Impacted by Northwest Alaskan Pipeline
Company Proposed Material Sites and Access Roads. Alaska Department of Fish & Game.
Anchorage, Alaska.

Anonymous. No Date. Fish Over-Wintering Areas in the Utility Corridor — Washington Creek
to Sagwon Bluffs. Source Unknown.

Anonymous. No Date. Terrestrial and Aquatic Habitat Evaluation of the Alaska Highway
Pipeline Corridor. Alaska Department of Fish & Game. Anchorage, Alaska.

Bio/West, Inc. 1976 (Oct). A List of Fish Streams Crossed by The Proposed Alcan Gas Pipeline
in Alaska, Including Fish Species Present and Periods of Sensitivity. Bio/West, Inc. Houston,
Texas.’

Bio/West, Inc. 1976. Stream Survey Forms. Bio/West, Inc. Houston, Texas.

2 This document is stamped, marked or otherwise identified as confidential and/or proprietary or otherwise
protected. The ANNGTC continues to claim confidential treatment for this document, and it should be withheld
from disclosure.
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Chihuly, M., D. Ward, P. Craig and R. McMillan. 1979 (Sep). Winter Fisheries Survey and
Provisional List of Waterbodies Along the Alaskan Gas Pipeline Route (Prudhoe Bay to the
Yukon Territory) Proposed by Northwest Alaskan Pipeline Company. LGL Ecological Research
Associates, Inc. Fairbanks, Alaska. 274 pp.”

Chihuly, M., D. Ward, P. Craig, R. McMillan and R. Morrison. 1980 (Jan). Spring Fisheries
Survey and Provisional List of Waterbodies Along the Alaskan Gas Pipeline Route (Prudhoe
Bay to the Yukon Territory) Proposed by Northwest Alaskan Pipeline Company. LGL
Ecological Research Associates, Inc. Fairbanks, Alaska. 211 pp.”

Chihuly, M., D. Ward, P. Craig, R. McMillan, R. Morrison, T. Olson and A. Sekerak. 1980
(Mar). Fall Fisheries Survey and Provisional List of Waterbodies Along the Alaskan Gas
Pipeline Route (Prudhoe Bay to the Yukon Territory) Proposed by Northwest Alaskan Pipeline
Company. LGL Ecological Research Associates, Inc. Fairbanks, Alaska. 180 pp.”

Chihuly, M., R. McMillan, R. Morrison, T. Olson and A. Sekerak. 1980 (Mar). Early Winter
Fisheries Survey and Provisional List of Waterbodies Along the Alaskan Gas Pipeline Route
(Prudhoe Bay to the Yukon Territory) Proposed by Northwest Alaskan Pipeline Company. LGL
Ecological Research Associates, Inc. Fairbanks, Alaska. 180 pp.”

Elliott, George V. 1980 (Jun). First Interim Report on the Evaluation of Stream Crossings and
Effects of Channel Modifications on Fisher Resources Along the Route of the Trans-Alaska
Pipeline. U.S. Fish And Wildlife Service. Anchorage, Alaska.

Evans, Willis A. and Beryl Johnston. 1972 (Jun). Revised 1980 (June). Fish Migration and Fish
Passage: A Practical Guide to Solving Fish Passage Problems. Forest Service, U.S.D.A.
Washington, DC.

Executive Coordinating Committee. 1978 (May). Proposed Project Related Fish and Wildlife
Investigations for the Northwest Alaskan Natural Gas Pipeline. Bureau of Land Management,
United States Department of the Interior. Anchorage, Alaska.

Gustafson, Jack. 1977. An Evaluation of Low Water Crossings at Fish Streams Along the
Trans-Alaska Pipeline System. Special Report Number 16. U.S. Department of the Interior,
Alaska Pipeline Office and the State of Alaska, Pipeline Coordinator’s Office.

Holden, PB. 1976 (June). Fisheries Survey of Proposed Compressor Sites for Alcan Pipeline
Project: Report to GIEC Environmental Department. BioTect? Inc., Logan, Utah.?

Hyning, Jack M. 1976 (Dec). Salmon Surveys of the Upper Tanana River, 1976. NERKA,
Incorporated. Fairbanks, Alaska. 2

Kessel, Brina, Stephen M. Murphy and Leonard J. Vining. 1980 (May). Draft: Waterbirds and
Wetlands Chisana-Upper Tanana Rivers, Alaska, 1979 (with emphasis on the Scottie-Desper
Creek Wetlands). University of Alaska Museum. Fairbanks, Alaska.

Kessel, Brina. 1979 (Dec). Migration of Sandhill Cranes, Upper Tanana River Valley, Alaska.
University of Alaska. Fairbanks, Alaska.

Markon, Carl J. 1980 (Dec). Terrestrial and Aquatic Habitat mapping Along the Alaska Natural
Gas Pipeline System. U.S. Fish And Wildlife Service. Anchorage, Alaska.

Alaskan Northwest Natural Gas Transportation Company Section 8, Page 8 of 26
June 1, 2004



ANGTS - Alaska State ROW Application ENVIS08 - Water Resource Protection.doc
Environmental Information Supplement

Morsell, J., J. Houghton, M. Bell, R. Costello. 1981 (Mar). Fish Protection Strategies for the
Design and Construction of the Alaska Segment of the Alaska Natural Gas Transportation
System. Dames & Moore. Anchorage, Alaska.’

NWA Environmental Group Fisheries Data Spread No. 3, 041-066. Fluor Engineers and
Constructors, Inc/NWA Environmental Group, 1980.2

NWA Environmental Group Fisheries Data Spread No. 6, 111-131. Fluor Engineers and
Constructors, Inc/NWA Environmental Group, 1980.2

Ott, A.G. and K.E. Tarbox. 1977 (Aug). “Instream Flow” Applicability of Existing
Methodologies for Alaskan Waters. Final Report. Woodward-Clyde Consultants. Anchorage,
Alaska.

Platts, William S. 1980 (Jan-Feb). A Plea For Fishery Habitat Classification. Article in
“Fisheries” Magazine.

Robinson, Ross. 1981 (Dec). Access Roads that are Crossed by Streams. Source Unknown.
Fairbanks, Alaska.?

Sevitz, William S., Robert Blanscett, James Glaspell and James P. Webb. 1980 (Apr). The
Alaska Information Management System (AIMS) Environmental master Guide (EMG) Task
Force Report. Fluor Engineers & Constructors, Inc. Irvine, California.”

Valdez, Richard A. 1976 (Aug). Fisheries Survey of Tanana River Tributaries Along the Alcan
Gas Pipeline Route. Bio/West, Inc. Logan, Utah.?
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8.5.2 Other Project-Location Related and General Water Resources Information

Adamus, P. R. 1987. Wetland evaluation technique (WET). Volume II Methodology. US Dept.
of the Army, Waterways Experiment Station, Corps of Engineers, Vicksburg, Mississippi.

Aiblin, A.E., K.J. Nadelhoffer, G.R. Shaver, J.A. Laundre and A.J. McKerrow. 1991.
Biogeochemical diversity along riverside toposequence in arctic Alaska. Ecological Monographs
61(4): 415-35.

Alaska Department of Environmental Conservation. 1999. Tundra treatment guidelines: a
manual for treating oil and hazardous substance spills to tundra. Alaska Department of
Environmental Conservation: Division of Spill Prevention and Response and Prevention and
Emergency Response Program.

Alaska Department of Highways, 1972. Designing the Yukon River Bridge. Alaska Department
of Highways, Bridge Design Section. 47 pp.

Alter, A., 1969. Water supply in cold regions. U. S. Army Corps of Engineers, Cold Regions
Research and Engineering Laboratory, Cold Regions Science and Engineering Monograph 3,
Section C5a. 91 pp.

Anderson, G. S., 1970. Hydrologic reconnaissance of the Tanana Basin, Central Alaska. U. S.
Geological Survey. Hydrologic Investigations HA-319. 4 sheets.

Balding, G. O., 1976. Water availability, quality, and use in Alaska. U. S. Geological Survey
Open-File Report 76-513. 236 pp.

Batten, Alan R. and D.F. Murray. 1982. A literature survey on the wetland vegetation of Alaska:
U.S. Army Engineer Waterways Experiment Station Technical Report Y-82-2, 222p.

Berg, R. and N. Smith, 1976. Observations along the pipeline haul road between Livengood and
the Yukon River. U. S. Army Corps of Engineers, Cold Regions Research and Engineering
Laboratory, Special Report 76-11. 73 pp.

Berwick, J. M. Childers, and M. A. Kuentzel, 1964. Magnitude and frequency of floods in
Alaska, South of the Yukon River. U. S. Geological Survey Circular 493. 15 pp.

Bigelow, B. B., R. D. Lamke, P. J. Still, J. L. VanMaanen, and J. E. Vaill, 1985. Water
resources data for Alaska-Water Year 1984. U. S. Geological Survey, Water-Data Report AK-
84-1. 350 pp.

Billings, W.D. 1973. Arctic and alpine vegetation: similarities, differences, and susceptibility to
disturbance. Bio Science 23(12):697-704.

Bishop, S.C. and F.S. Chapin, III, 1989b. Patterns of natural revegation on abandoned gravel
pads in arctic Alaska. J. Appl. Ecol. 26:1073-1081.

Bishop, S.C., J.G. Kidd, T.C. Cater, L.J. Rossow and M.T. Jorgenson. 1998. Land rehabilitation
studies in the Kuparuk Oilfield, Alaska, 1997. Twelfth Annual Report. Prepared for ARCO,
Alaska, Inc. April.

BP Exploration (Alaska), Inc. 1994. 1993 X-Pad restoration progress report and cooperative
reclamation plan. September 1, 1993 to August 31, 1996. Environmental and Regulatory Affairs,
Anchorage, Alaska.
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Brabets, T.P., 1996, Evaluation of the streamflow-gauging network of Alaska in providing
regional streamflow information: U.S. Geological Survey Water-Resources Investigations Report
96-4001, 73 p. [Abstract]

Brabets, T.P., 1997, Regional streamflow information in Alaska--An investment in the future:
U.S. Geological Survey Open-File Report 96-630, 2 p.

Brabets, T.P., 2001, Hydrologic data and a proposed water-quality monitoring network for the
Kobuk River basin, Gates of the Arctic National Park and Preserve, and Kobuk Valley National
Park, Alaska: U.S. Geological Survey Open-File Report 01-4141, 23 p. [Abstract and link to full
report]

Brabets, T.P., Wang, Bronwen, and Meade, Robert H., 2000, Environmental and hydrologic
overview of the Yukon River Basin, Alaska and Canada: U.S. Geological Survey Water-
Resources Investigations Report 99-4204, 106 p. [Abstract and link to full report]

Brewer, M.C., 1958, some results of geothermal investigations of permafrost in northern Alaska:
Transactions of the American Geophysical Union, v. 39, no. 1, pg 19-25.

Brewer, M.C., 1958, the thermal regime of an Arctic lake: Transactions of the American
Geophysical Union, v. 39, no. 2, pg. 278-284.

Brice, J., 1971. Measurement of lateral erosion at proposed river crossing sites of the Alaska
Pipeline. U. S. Geological Survey. 39 pp.

Brinson, M. M. 1993. A hydrogeomorphic classification for wetlands. U.S. Army Corps of
Engineers, Wetlands Research Program. Technical Report WRP-DE-4. Washington DC. August.

Brooks, J.W., J.C. Bartonek, D.R. Klein, D.L. Spencer and A.S. Thayer. 1971. Environmental
infulences of oil and gas development in the Arctic Slope and Beaufort Sea. U.S. Fish Wildl.
Serv., Resour. Publ. 96:1-24.

Brown, A.L. and J.D. McKendrick. 1987. Joint industry/agency/university revegetation
feasibility project. Paper presented at Fifth Symposium on Coastal and Ocean Management
(Coastal Zone ’87), Seattle, WA. May 26-29.

Brown, J. and R. L. Berg, eds., 1980. Environmental engineering and ecological baseline
investigations along the Yukon River-Prudhoe Bay Haul Road. U. S. Army Corps of Engineers,
Cold Regions Research and Engineering Laboratory, Report 80-19. 187 pp.

Brown, J., N. Liston, D. Murphy and J. Watts. 1983. U.S. tundra biome publication list. U.S.
Tundra Biome — International Biological Program. Final report to Division of Polar Programs,
National Science Foundation.

Brown, Jerry, R.K. Haugen, and S. Parrish. 1975. Selected climatic and soil thermal
characteristics of the Prudhoe Bay region. Ecological Investigations of the Tundra Biome in the
Prudhoe Bay Region, Alaska, Jerry Brown (ed.), October 1975, pp. 3-11.

Brown, R.W., R.S. Johnston, and K. Van Cleve. 1978. Rehabilitation Problems in Alpine and
Arctic Regions. Chapter 3, Pages 23-45 in Reclamation of Drastically Disturbed Lands. ASA-
CSSA-SSSA, Madison WI.

Brunett, J.O., 1986, Ground-water levels in Alaska, water year 1983: U.S. Geological Survey
Open-File Report 86-56, 229 p.
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Buchkina, N. 1998. Effects of native cover plants on mechanical stability of tundra soils. Journal
of Soil and Water Conservation. July.

Burrows, R. L., 1980. Cross-section, velocity, and bed load data at two erosion sites on the
Tanana River near Fairbanks, Alaska, 1979. U. S. Geological Survey Open File Report 80-699.

32pp.

Burrows, R.L., Langley D.E., and Evetts, D.M., 2000, Preliminary Hydraulic Analysis and
Implications for Restoration of Noyes Slough, Fairbanks, Alaska: U.S. Geological Survey
Water-Resources Investigations Report 00-4227, 32 p. [Abstract and link to full report]

Cargill, S.M. 1988. Establishment of native plants on disturbed sites in arctic Alaska: a thesis.
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a review. Arctic and Alpine Research 19(4):366-372.

Carlson, R. F. and P. Fox, 1974. Flood frequency estimation in northern sparse data regions.
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watershed. University of Alaska, Institute of Water Resources, Report No. IWR-28. 58 pp.

Carlson, R. F., D. L. Kane, and G. Wendler, 1974. A study of the breakup characteristics of the
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3.4 Upper Yukon
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Figure 8.A.1
Hydrologic Subregions and Subareas in Alaska (Balding 1976).
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Figure 8.A.2
Average Annual Runoff in Alaska (Balding 1976).
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Figure 8.A.3
Average Annual Peak Flow in Alaska (Balding 1976).
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Figure 8.A.4

Hydrograph for Kuparuk River near Deadhorse on the North Slope
(http://wat erdat a. usgs. gov/ ak/ nwi s/ current/ ?t ype=f | ow).
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Figure 8.A.5

Hydrograph for Sagavanirktok River near TAPS Pump Station #3 on the North
Slope (ht t p: // wat er dat a. usgs. gov/ ak/ nwi s/ current/ ?t ype=f | ow).
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Figure 8.A.6

Hydrograph for Atigun River near TAPS Pump Station #4 in the Brooks Range.
(http://waterdata. usgs. gov/ ak/ nwi s/ current/ ?t ype=f| ow).
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Figure 8.A.7

Hydrograph for Slate Creek near Coldfoot
(http://waterdata. usgs. gov/ ak/ nwi s/ current/ ?type=f| ow).
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Figure 8.A.8

Hydrographs for Yukon River near Stevens Village
(http://wat erdat a. usgs. gov/ ak/ nwi s/ current/ ?t ype=f | ow).
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Hydrographs for Tanana River near Fairbanks
(http://wat erdat a. usgs. gov/ ak/ nwi s/ current/ ?t ype=f | ow).
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Figure 8.A.10

Hydrograph for Goodpaster River near Big Delta
(http://waterdata. usgs. gov/ ak/ nwi s/ current/ ?type=f| ow)..
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4 4 4 3 1 0 0 0 0 3 3 4 2

BETTLES FAA AIRPORT, ALASKA
(500761)

Period of Record Monthly Climate Summary

Period of Record : 5/ 1/1951 to 12/31/2000

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Average Max.

Temperature (F) -4.7 0.7 14.7 324 53.1 68.0 694 622 485 250 5.6 -2.0 31.1

Average Min.

-20.5 -17.6 -8.6 10.1 33.5 469 49.0 43.6 322 119 -84
Temperature (F)

17.0 12.9

Average Total 0.81 0.68 0.66 0.52 0.68 1.36 1.98 2.58 1.79 1.11 0.89 0.86  13.92
Precipitation (in.)
Average Total

. 126 98 100 67 1.1 00 00 0.1 21 119 134 1438 82.4
SnowFall (in.)

Average Snow
Depth (in.)
Percent of possible observations for period of record.

Max. Temp.: 98.9% Min. Temp.: 98.8% Precipitation: 98.8% Snowfall: 98.9% Snow
Depth: 98.9%

26 29 31 26 4 0 0 0 0 4 12 20 13

Table 8.A.1

Climate Records for Prudhoe Bay and Bettles, Alaska.
(http://www.wrcc.dri.edu/summary/climsmak.html)
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FAIRBANKS WSO AIRPORT, ALASKA
(502968)

Period of Record Monthly Climate Summary

Period of Record : 9/ 1/1949 to 12/31/2000

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Average Max.

-1.5 7.5 241 423 59.8 70.8 724 66.2 545 319 115 1.2 36.7
Temperature (F)

Average Min.

Temperature (F) -19.3 -147 -2.3 203 37.5 49.0 51.8 46.6 355 17.1 -5.0 -15.7 16.7

Average Total 0.59 042 036 023 057 136 178 1.86 1.06 0.80 0.69 0.73  10.46
Precipitation (in.)

Average Total
SnowFall (in.)

Average Snow
Depth (in.)
Percent of possible observations for period of record.

Max. Temp.: 99.8% Min. Temp.: 99.8% Precipitation: 99.9% Snowfall: 99.9% Snow
Depth: 99.8%

108 85 62 29 07 00 00 0.0 15 109 134 129 67.8

18 22 20 10 0 0 0 0 0 2 8 13 8

BIG DELTA FAA/AMOS AP, ALASKA
(500770)

Period of Record Monthly Climate Summary

Period of Record : 2/ 1/1937 to 12/31/2000

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Average Max.

3.1 11.7 238 40.7 569 67.0 69.5 644 525 31.6 13.8 5.0 36.7
Temperature (F)

Average Min.

-114 -56 19 204 369 472 50.5 457 355 18.1 -02 -9.3 19.1
Temperature (F)

Average Total 0.34 033 026 025 0.88 2.32 2.63 2.01 1.09 0.64 048 037 1162
Precipitation (in.)
Average Total

SnowFall (in.)
Average Snow
Depth (in.)
Percent of possible observations for period of record.

Max. Temp.: 91.9% Min. Temp.: 92.5% Precipitation: 91.9% Snowfall: 86.5% Snow
Depth: 87.9%

56 52 43 28 06 00 00 00 16 92 85 58 43.8

8§ 10 9 4 0 0 0 0 0 2 5 6 4

Table 8.A.2

Climate Records for Fairbanks and Big Delta, Alaska.
(http://www.wrcc.dri.edu/summary/climsmak.html)
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TOK, ALASKA (509313)

Period of Record Monthly Climate Summary

Period of Record : 6/11/1954 to 12/31/2000

Jan Feb Mar Apr May Jun Jul Aug

Average Max. 74
Temperature (F) '
Average Min.

Temperature (F) 258 -
Average Total 031
Precipitation (in.) '
Average Total 4.4
SnowFall (in.) '
Average Snow 14

Depth (in.)

254 439 60.0 704 729 68.1

-5.9 15.6 293 39.4 432 38.6

0.15 0.17 0.58 2.16 1.94 1.30

20 07 00 00 03

9 0 0 0 0

Percent of possible observations for period of record.
Max. Temp.: 86.6% Min. Temp.: 86.3% Precipitation: 74.4% Snowfall: 75.9% Snow

Depth: 70.1%

Sep Oct Nov Dec Annual

544 31.1 8.4 -4.0
29.0 12.1 -10.5 -22.2
0.74 0.55 0.49 0.40

16 7.1 6.7 5.1

0 3 8 11

Table 8.A.3

Climate Records for Tok, Alaska.
(http://www.wrcc.dri.edu/summary/climsmak.html)
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Figure 8.A.11
Generalized Map of Groundwater Availability (Zenone and Anderson 1978).

Small deep lake- Small creek
Small shallow lake

Figure 8.A.12
Conceptual Representation of Continuous Permafrost Areas.



b. Sheep Creek in September 1945 Following Flooding.

Figure 8.A.13
Example of Glacier Outburst Flooding Effects (Post and Mayo 1971).



